Coral reefs of the Arabian Gulf are subject to several pressures, thus requiring conservation actions. Well-designed conservation plans involve efficient mapping and monitoring systems. Satellite remote sensing is a cost-effective tool for seafloor mapping at large scales. Multispectral remote sensing of coastal habitats, like those of the Arabian Gulf, presents a special challenge due to their complexity and heterogeneity. The present study evaluates the potential of multispectral sensor DubaiSat-2 in mapping benthic communities of United Arab Emirates. We propose to use a spectral-spatial method that includes multilevel segmentation, nonlinear feature analysis and ensemble learning methods. Support Vector Machine (SVM) is used for comparison of classification performances. Comparative data were derived from the habitat maps published by the Environment Agency-Abu Dhabi. The spectral-spatial method produced 96.41% mapping accuracy. SVM classification is assessed to be 94.17% accurate. The adaptation of these methods can help achieving well-designed coastal management plans in the region.
INTRODUCTION
The United Arab Emirates is bordered by the Arabian Gulf. The coasts and islands that flank Abu Dhabi, the UAE's largest emirate host a number of important marine habitats, such as mangroves, seagrass beds and coral reefs (Abed and Hellyer, 2001; Al-Cibahy et al., 2012) . Being subject to pressures from urban and industrial encroachment and from climate change, these coastal environments are threatened (Rezai et al., 2004) and, therefore, require efficient mapping and monitoring systems. The complexity and heterogeneity of shallow coastal waters provide a challenging environment for mapping and monitoring using remote sensing imagery (Lesser and Mobley, 2007) . Multispectral remote sensing is commonly known as the most cost-effective tools for seafloor description on large spatial and temporal scales (Andréfouët et al., 2008) . However, it does not enclose all of the information required to address the issues faced currently. Integrating MS imagery with several processing tools and techniques is a promising option (Yamano, 2013) . The proposed approach uses advanced spectral-spatial methods to make the best use of the high resolution offered by DubaiSat-2 over Dalma Island (Latitude: 24.54534° N, Longitude: 52.30307° E, 42 km off the coast of Abu Dhabi). This study is one of the first few studies on the utility of DubaiSat-2 images for marine applications and intends to examine the potential of the proposed approach to provide accurate classification of benthic habitats; essential tools for management and sustainable development of marine environments in the Arabian Gulf.
MATERIAL AND METHODS

DubaiSat-2
DubaiSat-2 is the 2 nd earth observation mini satellite of UAE successfully launched in November 2013 in a sun-synchronous orbit of 600 km altitude. DubaiSat-2 provides high-resolution images. Its sensor has 1 m panchromatic band and 4 m multispectral bands: Red (R) (600-720 nm), Green (G) (510-580 nm), Blue (B) (420-510 nm) and Near-InfraRed (NIR) (760-890 nm). The high spatial resolution advances the potentiality and accuracy of its mapping applications such as the seabottom profiling and the discrimination of marine habitats.
Study Site
The study site captured on June 18 th , 2014 by DubaiSat-2 holds important seafloor features such as reefs, seagrass beds, macroalgae and sand flats with spatial arrangement in depths from the intertidal to 15~30 m. An arrangement that is typical to those found in shallow, nearshore coral reef ecosystems around the world (Walker, 2012), thereby providing a representative coastal area to understand and assess the status of corals and other marine habitats.
Proposed Approach
In order to meet the study's objectives, Level Geo images (radiometrically and geometrically corrected) were processed using a spectral-spatial method that combined different techniques. Objects that grouped pixels with similar spectral and spatial properties were, Baatz and Schäpe, 2000) . Obtained segments were then assigned to given benthic classes issued from the marine habitat maps published by Environment Agency -Abu Dhabi (EAD) in 2015 (EAD, 2015) . This assignment was done according to the analyst's knowledge and expertise to help build comparative data. Furthermore, nonlinear feature reduction method was considered; that is the Kernel-Principal Component Analysis (KPCA) (Schölkopf et al., 1998) . KPCA values were attributed to the multi-level objects creating spectral-spatial profiles that were then used for classification using Random Forest (RF) classifier. RF is an advanced nonlinear model for sub-pixel classification (Breiman, 2001 ). The mapping accuracy of the resulting classification was evaluated using user-, producer-and overall accuracy (Congalton, 1991) . Support Vector Machine (SVM) method (Cortes and Vapnik, 1995) was used for comparison of the mapping accuracy with the spectral-spatial method. The differences in classification that results from the two sets of methods were assessed using the McNemar test (Alan, 2002) .
RESULTS AND DISCUSSION
KPCA feature analysis of the MS image of Dalma Island resulted in 20 bands (Figure 1.a) . KPCA values that were attributed to the segmentation objects are shown in Figure 1 .b. The resulting spectralspatial profiles led to an enhanced spectral separability (Figure 1.c) . The classification map obtained after the application of the spectralspatial method is represented below (Figure 2 ). The overall accuracy was calculated to be 96.41%. The producer and user accuracies are tabulated below (Table I ). The class that contained reef rubble and macroalgae presented the lowest producer and user accuracies; 47.57% and 54.07%, respectively. This could be due to the spectral complexity of this class. Fringing reef class showed more accurate classification but lower than that obtained from underlying bottoms. Misclassifications could be attributed to different conditions at the acquisition times of the image and comparative data. SVM produced 94.17% overall accuracy. Results from the McNemar test (Table 2 ) indicated a significant difference between the classification methods in favor of the spectral-spatial method. In Table 2 units are number of pixels. Classification results from the spectral-spatial method (Spespa) are proven more accurate since 41,929 pixels were correctly classified vs. 40,507 pixels from the SVM. 
CONCLUSION
Images from DubaiSat-2 were processed and analyzed using multiple techniques in order to assess its potential in characterizing and mapping the coral reefs and benthic habitats in the waters flanking Abu Dhabi. The generated classification map showed high overall accuracy and alignment with maps published by EAD. These results confirm that DubaiSat-2 has the capability and potential to discern among marine habitat communities despite the complexity and dynamism of the study area. The achievement of the adaptation of these methods to the region of concern also results in an important step towards well designed local and regional coastal management plans and strategies.
